3 Athletes in inner lanes may be disadvantaged during athletic sprint races containing a bend 4 portion because of the tightness of the bend. We empirically investigated the veracity of 5 modelled estimates of this disadvantage and the effect of running lane on selected kinematic 6 variables. Three-dimensional video analysis was conducted on nine male athletes in lanes 8, 5 7 and 2 of the bend of an outdoor track (radii: 45.10, 41.41 and 37.72 m, respectively). There 8 was over 2% (p < 0.05) reduction in mean race velocity from lane 8 (left step 9.56 ± 0.43 9 m/s, right step: 9.49 ± 0.41 m/s) to lane 5 (left step: 9.36 ± 0.51 m/s, right step: 9.30 ± 0.51 10 m/s), with only slight further reductions from lane 5 to lane 2 (left step: 9.34 ± 0.61 m/s, right 11 step: 9.30 ± 0.63 m/s). Race velocity decreased mainly because of reductions in step 12 frequency as radius decreased. These unique data demonstrate the extent of the disadvantage 13 of inner lane allocation during competition may be greater than previously suspected. 14 Variations in race velocity changes might indicate some athletes are better able to 15 accommodate running at tighter radii than others, which should have implications for athletes' 16 training. 17 (Word count: 198) 18 19 Keywords: Athletics, curve, track and field, three-dimensional kinematics, 200 m 20 21 22
Introduction 23
Lane allocation may disadvantage runners in the inner lanes in sprint races that include a 24 bend portion because of the requirement to run on a tighter bend radius (Jain, 1980; Greene, 25 1985) . Mathematical models have estimated the effect that running the inner lanes compared 26 with the outer lanes might have on competition times. Jain (1980) reported the disadvantage 27 is approximately 0.069 s in lane one as opposed to lane seven for a 200 m race. However, 28 Greene (1985) estimated a substantially greater disadvantage of 0.123 s. Empirical evidence 29 at very small radii (1-6 m) has shown running velocity to decrease as bend radius decreases 30 (Chang & Kram, 2007) . However, to our knowledge, there have been no robust experimental 31 studies which have aimed to quantify the effect that running lane has on bend running 32 performance on surfaces and at radii typical of those of athletic sprint events. 33 34 Maximal-effort sprinting produces lower velocity on the bend compared with straight line 35 sprinting (Churchill, Salo & Trewartha, 2015) . This is mainly because of increased ground 36 contact time leading to a significant reduction in step frequency during the left step on the 37 bend compared with the straight, and because of decreased flight times leading to a reduced 38 step length during the right step on the bend (Churchill et al., 2015) . Furthermore, bend 39 sprinting is asymmetrical in nature between left and right steps (Churchill et al., 2015; 40 Ishimura & Sakurai, 2016). Churchill et al. (2015) reported greater values for the left step for 41 ground contact time, touchdown distance, body sagittal lean range of motion (ROM) and the 42 amount of turning achieved during the contact phase. Additionally, greater inward lean was 43 reported during the right step compared with the left step (Churchill et al., 2015) . Indeed, left 44 step ground contact time has been shown to be longer than the right at maximal (Churchill et 45 al., 2015; Ishimura & Sakurai, 2016) and submaximal velocities on the bend (Alt, Heinrich, 46 Funken & Potthast, 2015; Stoner & Ben-Sira, 1979) . It is likely that the effect of the bend on 47 these variables lessens as the tightness of the bend radius decreases, i.e. in the outer lanes, 48 because of less requirement for centripetal force generation to produce the turn. However, 49 empirical evidence of the effect of the bend radius on sprint performance variables is lacking 50 in the literature. 51
52
Thus, the aim of the present study was to investigate the effect of running in different lanes 53 on bend sprinting performance at radii that are typical of those experienced in athletic sprint 54 events. Specifically, we considered how well previously presented mathematical models from 55 the literature matched the experimental data. Additionally, the study aimed to assess the 56 effect of the lane on selected kinematic variables which have been shown to be affected by 57 bend sprinting. It was hypothesised that velocity would decrease as bend radius decreased. 58
Further, it was hypothesised that this would be due to right step length and left step frequency 59 decreasing from outside lanes to inside lanes, as bend radius decreased. These changes were 60 envisaged to occur mainly because of longer contact time on the left step and shorter flight 61 time on the right step, when the radius decreases, in line with previous literature comparing 62 bend and straight sprinting. Table 1 ). From lane 8 to lane 5 the reduction in race velocity was 140 0.20 m/s for the left step (p = 0.010, d = 0.42) and 0.19 m/s for the right step (p = 0.029, d = 141 0.40). However, there were no statistically significant reductions in performance in lane 2 142 relative to lane 5 at the group level. In each lane, race velocity was greater for the left step 143 than the right step and these asymmetries were statistically significant in lanes 8 (p = 0.042, d 144 = 0.16) and 5 (p = 0.027, d = 0.11; Table 1 ). The standard deviations of the race velocity 145 showed that as bend radius decreased, the variation in performance between participants 146 increased (Table 1, Figure 2 ). 147 (Table 1) . This was significant for lane 5 compared to lane 2 for the left step (p = 0.005, 152
Step frequencies for left and right steps within a lane were similar in all lanes. 153
However, there was a general trend for step frequency to decrease as bend radius decreased. 154
While the only significant difference for step frequency was between lane 5 and 2 for the left 155 step (p = 0.037, d = 0.47, Table 1) There was a general trend for the left step mean ground contact time to increase as bend 159 radius decreased with a significant difference observed between lane 8 and 2 (p = 0.004, 160 d = 0.69). During the right step, ground contact time was similar across lanes. However, 161 statistically significant asymmetries between left and right ground contact time were present 162 in all lanes (p < 0.01, Table 1) . 163
164
Significantly more turning of the CoM was achieved during the left ground contact phase 165 compared with the right ground contact phase in all three lanes (p <0.01, Table 1 ). For the 166 right step, there was significantly more turning of the CoM (37% and 45%, respectively) in 167 lanes 5 (p = 0.013, d = 1.04) and 2 (p = 0.002, d = 1.44) compared with lane 8. For the left 168 step, none of the turning of the CoM difference reached significant level or moderate effect 169 size. There was a trend of increased inward (more negative) body lateral lean at touchdown as 170 radius decreased for both the left and right steps. The only comparison for which this was not 171 statistically significant was between lane 5 and lane 2 for the left step (p = 0.353). A 172 lean at touchdown, with more lean for the right step (Table 1) . 174 175 *** Table 1 near for the whole 75 m. However, any slight decrease in the velocity is very likely to be relatively 214 similar to aforementioned values between the lanes resulting in a minimal change to these 215 estimated times. 216
217
The above estimates, based on real experimental data, are larger than the predicted 218 differences between lanes 1 and 7 given by Jain (1980) and Greene (1985) . We recognise that 219 these are estimates based on some assumptions, but they still provide the first full 220 quantification of the challenges facing athletes allocated the inner lanes. Furthermore, these 221 workings do not yet take into account the likely negative affect that bend radius has on the 222 11 acceleration phase, given that velocity has been shown to reduce on the bend compared with 223 the straight during the acceleration phase of sprinting (Stoner & Ben-Sira, 1979) . 224
Additionally, since the velocity would be lower coming off the bend into the straight in the 225 inner lanes, the straight line velocity would also be affected, further increasing the difference 226 between the inside and outside lanes. Thus, our estimates might even be at the lower end of 227 possibilities. The magnitude of the effect of the bend will likely be different between 228 individuals. Indeed the standard deviations for the race velocities in the present study showed 229 greater variation as bend radius decreased. This suggests that some athletes were better than 230 others at maintaining their velocity as the bends got tighter. Thus, while these initial estimates 231 of differences in 200 m race times because of different lanes might be larger or smaller for 232 different athletes, they do suggest that the magnitude of disadvantage of being in the inner 233 lanes might be greater than previously suspected. (Table 1) , which represented a 238 moderate effect size. Usherwood and Wilson (2006) postulated that athletes would increase 239 ground contact times when bend sprinting to meet the additional requirement to generate 240 centripetal force and consequently reduce step frequencies. The observed decrease in step 241 frequency as bend radius decreased in the present study provides some support for 242 Usherwood and Wilson's (2006) model. However, while step frequency decreased because of 243 an increase in ground contact time for the left step, ground contact times for the right step 244 were actually similar between lanes, but flight times varied and this also affected step 245 frequency. Thus, the mechanism for changes in step frequency was different between left and 246 right steps. The trend for increased contact time for the left step when the radius decreased 247 12 followed our secondary hypothesis, although the difference only became statistically 248 significant between lanes 8 and 2. 249
250
The present study showed that the bend radius had an effect on step length, but perhaps 251 surprisingly it did not necessarily decrease as radius decreased. Left step length was 0.05 m 252 longer in lane 2 than in lane 5. This significant increase in left race step length from lane 5 to 253 lane 2 was accompanied by a significant decrease in left step frequency. It is possible that 254 when running in lane 2, the athletes might have tried to compensate for reductions in step 255 frequency caused by the tightness of the bend by increasing step length, or vice versa. 256
Negative interaction of this kind has been observed in straight line sprinting (Hunter, 257 Marshall & McNair, 2004) . It is, therefore, important to question whether increasing step 258 length rather than step frequency at tighter bend radii is a beneficial strategy, or whether 259 strategies to maintain step frequency aiming to prevent reductions in velocity would be more 
